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L 
INTRODUCTION. 
It has been shown in a  previous paper  1 that  the surface tension 
of serum decreased rapidly, as soon as the serum was exposed to the 
air.  This phenomenon is due to the adsorption, in the surface layer, 
of substances which either travel slowly in the liquid, or are formed in 
the surface layer, or else to modifications in the arrangements of the 
group molecules in the surface layer, and possibly to a combination of 
these causes.  In order to study these substances and to obtain an 
idea of the order of magnitude of their power of lowering the surface 
tension of water in function of time, it was necessary to measure the 
surface tension of the same samples of solutions of serum at different 
intervals, ranging from 2 minutes to 24 hours. 
IL 
EXPERIMENTAL. 
1.  Decrease  of Surface  Tension  of Serum Solutions  in Function  of 
Time.--Solutions  of fresh serum were made in saline  solution  (NaC1 
0.9 per cent).  The surface tension of the same layer of liquid was 
measured  by  means  of  du  Noiiy's  tensiometer,  according  to  the 
technique previously described.  1  In order to prevent any jarring of 
the samples studied, a turntable was made, supported on a ball thrust 
bearing,  on  which  ten  watch-glasses  were  placed  in  a  circle.  By 
x du Noiiy, P. L., Y. Exp. Med, 1922, xxxv, 575. 
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turning the table carefully, the watch-glasses were brought succes- 
sively under the ring, and then raised smoothly by means of the screw 
of  the instrument until the  contact was  established.  The  results 
obtained are shown in Table I. 
Higher dilutions were prepared and tested after  1,  2,  20, and 23 
hours, with the results shown in Tables II and III. 
This phenomenon is illustrated by Text-fig. 1.  In the charts, the 
value of the surface tension is taken after 2 hours arbitrarily, but the 
maximum drop occurs in the first 30 minutes (Text-fig. 2).  The lapse 
of 2 hours was chosen because after that period of time, the drop is 
usually very slow.  Text-figs. 3  and 4  show that between 1 and 2 
hours the drop is small. 
The drop in surface tension may be expressed in two different ways 
accordingtowhetherone chooses to take into account either the initial 
value of the surface tension as measured after a few seconds, or else 
to assume that the drop is so rapid at the beginning that a difference 
of 1 second or less is sufficient to affect the initial reading.  In the 
latter case, the  initial value may be  taken  as  equal  to  76 dynes, 
roughly, and the differences expressed thus: 
-  d~  =  76.0  --  .y 
The initial values and the values after 2 hours are shown in Text- 
figs. 3 to 9.  The drop,  -  d~ =% -%  is  expressed  in Text-figs.  10 
to 15, and the drop, -d~/= 76.0-% in Text-fig. 16. 
2.  Comparison  with the Behavior of Some Organic Salts.--It may be 
of interest to compare the action of serum with that of substances 
having a strong effect on the surface tension of water, such as sodium 
oleate, sodium glycocholate, and saponin, at similar dilutions in the 
same saline solution (Table IV).  The phenomenon is illustrated in 
Text-figs.  17  to  19.  ComparisolI with Text-figs. 3  to 9  shows the 
likeness to the behavior of serum, although the initial value is much 
higher in  the latter case.  This fact is probably  due to  substances 
which have some kind of buffing action, and oppose the lowering of 
surface  tension of  serum.  The  Substances  are particularly active 
when a foreign body, such as oleate or glycocholate, is added to the 
serum.  This phenomenon will be studied in another paper.  * 
t du Notiy, P. L., ]. Exp. Med, 1922, xr~v (in pre~). Dynes 
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TEXT-FIG.  1.  Values of the surface tension of serum solutions in function of the time. 
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TABLE I. 
Decrease of Surface  Tension  of Serum Solutions  at Different  Concentrations in 
Function of Time. 
Fresh Rabbit Serum, No. 114 (Text-Fig. 2). 
Temperature 22  ° C. 
Time... 
Pure. 
Dilution. 
1:100 
1:1,000 
1:5,000 
1:10,000 
1:20,000 
1:30,000 
1:40,000 
1:50,000 
1:100,000 
1:200,000 
65.5* 
69.0 
67.0 
71.6 
72.0 
75.5 
75.0 
72.2 
75.8 
68.0 
73.5 
2min. 
64.S 
67.0 
65.0 
69.5 
68.1 
73.0 
74.0 
70.0 
75.8 
68.0 
73.0 
6~. 
64.0 
64.6 
64.0 
63.0 
30 rain. 
64.0 
62.5 
58.0 
60.0 
67.5 
67.0 
67.2 
70.0 
62.0 
69.0 
2 hn. 
63.0 
59,3 
53.0 
52.6 
56.0 
61.0 
63.0 
62.0 
65.6 
56.9 
62.0 
Drop in 
2 hrs. 
2.5 
9.7 
14.0 
19.0 
16.0 
14.5 
12.0 
10.0 
10.2 
11.1 
10.5 
* In all the tables the determinations are given in dynes. 
TABLE  II. 
Decrease of Surface  Tension  of Serum Solutions  at Di~erent  Concentrations in 
Function of Time. 
Fresh Rabbit Serum, No. 114. 
Temperature 220 C. 
*~D)Q .........  o ....  .  ........ 
Dilution. 
1:400,000 
1:800,000 
1:1,000,000 
1:3,000,000 
1:5,000,000 
0 
67.0 
76.2 
76.0 
73.5 
72.1 
1hr. 
76.2 
73.2 
71.5 
2 hr~ 
67.0 
70.7 
69.5 
20 hrs. 
70.1 
69.0 
70.1 
23 hrs. 
64.0 
67.0 
Drop in 
23 hrs, 
12.0 
9.2 
6.0 
4.5 
2.1 
Control. 
Pure saline solution, 0.9[ 
per cent  ............  I  75.3 
2nd sample  ...........  [  76.5 
3rd  "  covered...I  76.2 
73.5 
75.6 
76.2 
1.8 
1.5 
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TABLE  III. 
Decrease  of Surface  Tension  of Serum  Solutions  at  Different  Concentrations  in 
Function of Time. 
Fresh Rabbit Serum, No. 116 (Text-Fig. 3). 
Temperature 20  ° C. 
I  Dilution  .............................. [  I: 100  1:1,000  1:10,000  1:100,000 
I~a~lsu~acetenslo~ .........  I  68.3  I  71.0  I  73.5  [  760 
After2hrs ...................  /  62.0  I  61,8  I  62.0  I  65.9 
"  5"  /  589  [  57.0  I  57.5  I  64.0 
1:1,000,000 
76.5 
72.0 
71.5 
Fresh Rabbit Serum, No. 117 (Text-Fig. 5). 
Temperature 20  ° C. 
Dilution...  I:100  1:i,000  1:10,000 
Initial surface tension.  66.1  [  66.5  72.9 
After  2  hrs...  63,0  ]  63.0  64.5 
"  5  "  60.0  59.2  59.0 
1:100,000  1:1,000,000 
76.0  76.3 
68.2  73.2 
63.0  71.4 
Fresh Dog Serum, No. I  (Text-Fig. 6). 
Temperature 20  ° C. 
Initial suffacetension  .........  I  63.5  I  66.0  [  73.0  [ 
After3hrs ...................  I  58.0  [  57.3  t  59.0  [ 
1:100,000  1:1,000,000 
75.0  76.0 
62.5  70.0 
Fresh Human Serum (Text-Fig. 8). 
Temperature 22  ° C. 
Dilution,  1:100  1:10,000  1:100,000  1:1,000,000  1:1,000 
Initial surface tension.  61.1  65.0  72.0  76.0 
After 2 hrs  55.5  57.0  58.0  61.9 
76.0 
73.0 P,  I,ECOMTE  ~u  NOUY  711 
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The decrease of surface tension of solutions of organic compounds, 
such as glycocholate  for example, follows the same law as that of serum 
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and is also very rapid at the beginning (Text-fig. 20).  In this case the 
glycocholate  was  dissolved  in  distilled water  (concentration 10-~). 
When serum is diluted in distilled water, the same phenomenon  occurs 714  SURFACE TENSION OF SERUm.  II 
(Text-figs. 21 and 22).  The maxima and the comparison with serum 
are shown in Text-figs. 23 and 24. 
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It may be of interest to refer the reader to the work of Berczeller~ on the surface 
tension of colloidal solutions and, in general, to the numerous papers published by 
Traube on the same subject.  The book by Freundlich, 4 a great number of papers 
s Berczeller, L., Biocher~. Z., 1913, liii, 215; 1914, lxvi, 1.73; Interrmt. Z. z0hys//~.- 
c~rn. Biol., 1914, i, 124. 
4 Freundlich, H., Kapillarchemie: Eine Darstellung der Chemie der Kolloide und 
verwandter  Gebiete,  Lelpsic,  1909. P. LECOMTE  DV NOSY  715 
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in the In~ernationale Zeitsckrift tilt pkysikalisck-ckemiscke Biologie, and the papers 
by Posternak  5 are also worth perusal,  It seems that the solution of the problem 
has been postponed mainly by the confusion of the action of time  with  that of 
heat and of chemical reactions.  Therefore, it is  important to determine,  in all 
studies on colloidal solutions, the part due to their colloidal state and that which 
may be due  to really specific actions (for instance the inactivation of serum by 
heating at 56  ° C.). 
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Thus, by merely introducing the factor time, are explained some of 
the  discrepancies hitherto  unaccounted for  between  the  values  of 
surface tension of solutions of organic compounds, as given by static 
6 Posternak, S., Ann. Inst. Pasteur, 1901, xv, 85,  169, 451, 570. P. LECOMTE  DU NOOY  719 
and dynamic  methods.  Indeed, certain methods, such as the capillary 
ascension for instance, measure the surface tension of the same layer of 
liquid in which adsorption in function of the time takes place, while 
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most dynamic methods, such as  the undulatory jet  methods, deal 
with a  continuously renewed surface.  The drop weight method is 
intermediate, the drops requiring a  longer time to fall.  It is quite 
obvious that  none  of  these  last  methods could show  the  drop  in 720  SURFACE  TENSION  OF SERUm.  II 
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,~- do~ TABLE  IV. 
Decrease of Surface  Tension of Solutions  of Sodium Oleate, Sodium Glycockolate, 
and  Saponin in  a  0.9  Per Cent Saline Solution  in  Function  of Time. 
Sodium Olea~ (Text -Fig. 17). 
-"'~':t  "~---~  [ 1:"-:t  1"°--~  Em 
Initial surfaeetension ......... [  33.2[  39.s1  54.2  I 
After2hrs ..................  [  31.5  [  34.5  I  35.5  I 
1:100.000  1:1,000,000 
59.1  75.1 
39.0  58.6 
Sodium Glycocholate (Text-Fig.  18). 
o-o.............................~  ,:,o_~o  1 I:~,__~  ,:1o._:  lm 
Initlalsudacetension .........  I  44.0[  41.5  I  55.6  1 
After2hrs ..................  l  43.41  41.0  I  41.5[ 
1:100,000  1  : 1,000,000 
68.0  72.0 
60.6  60.0 
Saponin (Text-Fig,  lP). 
Dilution.  ............  1:100  1:1,000  1:10,000 
InltiM surface ten~on.  56.8  54.0  54.2 
After 2 hrs.  60.5  53.5  49.5 
1:100,000  I: l,O00flO0 
69.0  76.0 
56.0  65.0 
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TExT-FIo. 17.  Values of the surface  tension  of solutions  of sodium  oleate in 
saline solution. 
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surface tension which occurs after a few minutes.  With a solution of 
1:100,000 the number of drops was the same as for pure saline solution: 
17 drops whenever the measurement was made with a Traube stalag- 
mometer (after a few seconds,  10  minutes,  2  hours,  or  24  hours). 
The tensiometer measured for the same intervals:  75.5,  66.0,  61.0, 
55.5 dynes; that is, a drop of 20 dynes in 24 hours. 
20 
./  ~5  / 
1.-""!1  ~"  10  .,-"r 
i  ""  / 
J  / 
/  1/ 
, 
0  ~--" "'~  / 
/ 
!  I  "~.  ,  \ 
.7/  -----.~ 
Ole~  tie 
".•. 
\ ~,  6h#late 
,  :2;apbnin 
''"  \  ~  azyc ,- 
",,  ~, c.l~la te 
~uDe hta~ 
10  .2  i(3  -3  10  -4  I0  -5  i0-6 
Concen%Pation 
~-Fio.  23. Drop in the surface tension of different solutions as expressed by 
the formula 
--  d~ =  ",',-7 
3. Effect of Stirring.--When  stirred,  these  solutions  present  the 
same phenomenon as the pure serum; the surface tension rises and 
sometimes reaches the same value as at the beginning of the experi- 
ment (Table V  and Text-figs. 25  and 26).  When the solutions are 
kept in test-tubes, that is with a relatively small free surface, vigorous 
stirring after 24 hours brings the surface tension to the same value 
(Table  VI).  This  seems  to  indicate  that  the  damping  effect, 726  SURFACE T]~NSION OF SERUM.  II 
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TABLE  V. 
Effect of Stirring on the Surface Tension of Serum Solutions. 
Dog Serum, No. 2 (Text-Fig. 25). 
Temperature 22  ° C. 
T~e  ....................  __.  ..............  o  12~n__~.  I  s,i~__=l om~_=~ 
Dilution.  I  I  I  ] 
1:10,000  [  74.0  [  64.9  ]  69.0  [  59.0  ] 
Stirred. 
65.0 
Rabbit Serum, No. 112 (Text-Fig. 26). 
Temperature 22  ° C. 
Stirred.  Time  ...................................  J  O  J lO, n  J S,,rr.   I 
Dilution. 
1:I0,000  I  73.0  I  66.0  ]  71.5  ]  63.0  ]  65.0 
Rabbit Serum, No. 118. 
Temperature 23  ° C. 
I  Stirred  Time ............................................................  0  241111,  visorously. 
Dilution. 
1:10,000  76.0  ]  68.2  75.1 
TABLE  VL 
Effect of Stirring on tke Surface Tension of Serum Solutions. 
Dog Serum, No. 3, Kept in Test-Tubes. 
Temperature 23  ° C. 
Time .............................  0  24 hrs., stirred vigorously. 
Dilution. 
1:10 
1:100 
1:1,000 
1:10,000 
1:100,000 
61.9 
62.5 
66.2 
76.0 
74.0 
62.0 
60.0 
66.0 
76.0 
74.0 P.  LECOMTE  ])v  NOOY  729 
described in our previous paper,  6 is due to chemical changes under- 
gone  in  the  surface layer.  When  the  surface layer is small  with 
respect to the bull, the changes are undetectable. 
HI. 
DISCUSSION. 
1.  Interpretation  of the Maxima.--From  Table I,  as well as from 
Text-figs. 10 to 15, it is clear that the drop in the value of the surface 
tension is variable and reaches a  maximum at a  dilution of about 
1:10,000.  In  general,  this  occurs only when the measured initial 
value of the tension of the serum is  taken into  consideration.  In 
other words, if we assume the initial value of the tension to be around 
76  dynes, as in  the higher dilutions,  there would not always be a 
maximum.  Therefore, we  assume  provisionally  that  the  actually 
initial  surface  tension  of  such  dilutions  as  1:10,  1:100,  1:1,000, 
1:10,000,  is  that  which  can be  measured within  5  or  10  seconds 
after the liquid is poured into the watch-glass.  It is very likely that 
there are at least two groups of substances which act powerfully upon 
the surface tension of the serum, and in different ways.  The first 
group, in conformity with the substances already known, is adsorbed 
almost instantaneously in the surface layer, and determines the value 
of the surface tension of fresh serum and of serum solutions up to 
about 1: 50,000,  as given by the drop weight methods (with continu- 
ously renewed free  surfaces); the other group which, on account of 
the techniques in use up to the present time, could not be  detected 
is adsorbed in function of time, provided the free surface is left un- 
stirred.  This second substance,  or group Of substances,  acts more 
powerfully  than  the  other,  and  at  extremely low  concentrations. 
Indeed, we have seen that one-millionth part of serum is still active. 
Since serum does not usually contain as much as 10 per cent of solid 
substances in solution altogether, we may assume, and this is mani- 
festly exaggerated, that the serum contains 5 per cent of these sub- 
stances.  Hence, this would mean that they are still active at such a 
low  concentration as  1:20,000,000  (1  gm.  in  20,000  liters,  or  over 
5,200 gallons of water).  The hypothesis of the two groups of sub- 
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stances is expressed by Text-figs. 10 to 15, in which the initial value 
of the surface tension has been taken into consideration for the evalua- 
tion of the drop.  By assuming that it is the same substance, or group 
of substances, which determines the initial value of the surface ten- 
sion by very rapid adsorption, and the slow drop by slower adsorption, 
we obtain Text-fig.  16. 
Hence, admitting the correctness of the assumption of the existence 
of two groups of substances, it becomes easy to account for the special 
grouping of the initial values of surface tension.  Indeed, if we call 
the first group A, and the second group B, it is readily seen, by looking 
at the charts, that Group A, present at dilutions from 1:10 to 1:1,000 
in sufficient quantities to have a  marked action on the tension, is 
no longer effective in the case of high dilutions, from 1:100,000 up. 
There is a break in the initial value which is not always bridged by the 
1:10,000 dilution.  From I:100,000 up, practically only Group B is 
active.  On the other hand, we notice that it is precisely around the 
concentration of 1:10,000 that the drop is maximum.  The reason is 
simple if we refer to Langmuir's ideas on the structure of the surface 
layer of solutions, when the solute is  adsorbed in the surface layer. 
Langmuiff has shown, indeed, that the free surface of such a liquid is 
generally composed of a monomolecular layer in which the molecules 
are geometrically disposed and similarly oriented with reference to a 
three dimensional space; in other words, that the surface of the liquid 
is composed of a  sort of mosaic, each element of which is the same 
end of the same side of the molecules of the liquid.  Furthermore, he 
states that the group molecules of organic liquids arrange themselves 
in  such a  way  that  their  active  portion is drawn inwards, leaving 
the least active portion of the  molecule to form the  surface  layer. 
This hypothesis is supported by very striking facts, but their descrip- 
tion would be beyond the scope of this paper. 
Thus, in the case of serum solutions, the maximum drop would 
correspond to such a dilution as would allow the active molecules of 
Group B  to dispose themselves with what is left of Group A in  the 
most favorable way for the decrease of surface tension; and this is only 
possible at one precise concentration.  At higher concentrations, the 
~  Lang'muir,  I., Met. Chem. Eng., 1916, xv, 468; J. Am. Chem. Soc., 1917, xxxix, 
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excess of molecules of Group A interferes with the best possible geo- 
metrical arrangement of the molecules of Group B, and the forcing 
apart of these groups increases the surface tension.  The same thing 
happens at higher dilutions, in which the forcing apart is due to the 
smaller number of molecules of Group B, which can no longer cover 
the liquid completely.  This is, of course, a mere hypothesis which has, 
at  least,  the  advantage  of accounting for  the  facts  found  So  far. 
But, whatever hypothesis is accepted, and in spite of the fact that the 
maximum drop is not so dear if the presence of only one group of 
substances acting together in the same way is assumed, there is no 
doubt but that an optimum concentration exists; it is easily explained, 
as well as the grouping of the initial values, on the basis of Langmuir's 
conception of the structure of liquid layers. 
A glance at the  charts will also show that the maximum drop does 
not always occur at the same concentration.  Assuming the correct- 
ness of our hypothesis, this shift may be due to a change in the size of 
the group molecules.  Indeed, the maximum drop occurs when the 
free surface is entirely covered with a certain lattice of molecules of 
Groups A and B, arranged in such a way as to produce the weakest 
force fields.  Evidently there is an optimum concentration  , as has 
been said before.  But this optimum is function of the size of the 
molecules, and of  the  relative  concentration of  the two groups, A 
and B.  This will be more deafly understood by looking at Text-fig. 
27, a to c.  In Text-fig. 27, a, the optimum is attained for a certain 
size of the molecules, and a certain relative number of both groups. 
The  quantity adsorbed in  the surface layer  is  exactly that  which 
corresponds to  the  minimum  surface  tension.  In  Text-fig. 27, b, 
the size of the molecules is the same and the quantity adsorbed is 
greater,  the  concentration being higher.  The  arrangement of  the 
molecule is no longer perfect, the proportion of Groups A  and B  is 
changed, and the molecules may be forced to tilt on one side, or to 
overlap.  The result is that the surface tension is increased.  In Text- 
fig. 27, c, we have another optimum arrangement, with a smaller num- 
ber of larger molecules; that is, at a lower concentration.  Although 
this illustration is very crude, it helps to visualize a plausible process 
through which the maximum may be shifted.  As the molecules in 
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discs  or  spheres,  as  we have  symbolically represented  them,  these 
figures must not be taken as an image of reality but as a mere com- 
parison. 
In  the  curves published,  the  maximum  for human  serum  lies at 
1: 50,000, for the old dog serum at 1: 30,000, for rabbit serum around 
1:10,000, and for a  very young pup at 1: 7,000. 
&  b 
C 
TsxT-FIo. 27, a to c. Hypothetical illustration of the possible arrangement of 
molecules in the surface layer of a serum solution. 
IVj 
Aspca of Crystallization of Serum  Solutions. 
When the solutions are allowed to evaporate, the sodium chloride 
crystallizes.  By using  watch-glasses,  an  interesting  phenomenon is 
observed.  When  a  pure  sodium  chloride  solution  crystallizes,  it 
concentrates first,  then the crystals are formed at the bottom of the 
glass as seen in Fig. 1.  But when serum is added, very small crystals 
spread all over the watch-glass, and assume different aspects, accord- 
ing to the concentration, as shown by Figs. 2 and 3.  Up to a  concen- 
tration  of  1:500,000  in  the  case  of  Serum  114,  the  effect  of  the 
lowering of the surface tension can be detected easily by the action 
of the substances adsorbed in the surface layer upon the  molecules 
of  sodium  chloride.  This  phenomenon  can  be  explained  in  the P.  LECOMTE  DU  NOUY  733 
following way.  The large adsorbed molecules carry with them in the 
surface layer the Na and C1 ions.  The concentration there becomes 
very high, and  dissociation small.  Sodium chloride molecules are 
formed and when the liquid evaporates, it progressively abandons 
the salt on the glass.  No concentration occurs in the bulk, and no 
large crystals can grow at the bottom. 
The phenomenon is similar when other surface-active substances 
are used, such as for instance saponin (Fig. 4). 
This phenomenon is interesting because it shows that the presence 
of  sodium glycocholate or  taurocholate  or  dried  serum in such  a 
high dilution as 1:10,000,000 modifies profoundly the state of equilib- 
rium and the distribution of phases in a liquid containing crystalloids 
in  solution.  Gibbs'  statement that substances  which increase  the 
surface tension are more concentrated in the bulk is no longer true in 
this case.  The birth of the membranes at interfaces, the first mani- 
festation  of the individuality of  a  cell,  becomes very  dear.  The 
concentration of colloids and salts being much greater in the surface 
layer,  precipitation will naturally occur there, and electric phenom- 
ena  are  forcibly different from  those in  the bulk.  The  aspect  of 
the crystals is not the same at all dilutions, and at a concentration 
of 1:100, all sera studied so far have shown a very peculiar phenom- 
enon,  easily  seen  in  the  photographs.  The  more  or  less  regular 
rings  cannot be  found as dearly at any other concentration.  The 
white rings are very small sodium chloride crystals.  The theoretical 
explanation of this phenomenon is not obvious.  There is  no doubt 
that it corresponds to different states of equilibrium of the surface 
layer, and possibly to different and periodical changes in its surface 
tension.  This phenomenon is somewhat similar to that observed by 
Liesegang,* obtained by adding 1 drop of a silver nitrate solution to a 
solution of gelatin and potassium dichromate. 
As was to be expected, sodium oleate, glycocholate, and saponin 
act in the same way.  Further investigations are being conducted on 
this  subject. 
8 Liesegang,  R. E., Z. Chem. u. Imtust. Kolloide, 1907-08, ii, 70. 734  SURFACE  TENSION  OF  SERUM.  II 
V. 
CONCLUSIONS. 
The application of the ring method to the measurement of solutions 
of serum and of certain organic compounds has brought forth new 
facts, mainly the decrease of the surface tension of such solutions in 
function of time. 
1.  In serum diluted at such a low concentration as 1:1,000,000  in 
NaC1,  physiological solution,  the  surface  tension  of  the  liquid  is 
lowered by 3 or 4 dynes in 2 hours; at  1: 100,000, by about 11 dynes 
(mean value) in 2 hours, and by 20 dynes in  24  hours; at 1:10,000 
by about 13 to 16 dynes in 2 hours. 
2.  The drop in surface tension is much more rapid in the first 30 
minutes and follows generally the law of  adsorption in the surface 
layer in function of the time. 
3.  Stirring or shaking after the drop causes the surface tension to 
rise, but generally below its initial value. 
4.  The same phenomena occur when using sodium oleate, glycochol- 
ate, or saponln instead of serum. 
5.  For every serum, as well as for the substances mentioned above 
a  maximum drop occurs in certain conditions at a  given optimum 
concentration. 
6.  Not  only are the  substances which lower the surface tension 
adsorbed in the surface layer, in the case in which they are present with 
crystalloids, but also the crystalloids themselves, in contradiction to 
Gibbs' statement.  This is plainly shown by the evaporation of such 
solutions in watch-glasses which, instead of a  small group of sharp, 
large, well defined crystals at the bottom, leaves a white disc almost as 
large as the initial free surface itself, due to the liberation of the salt 
by the surface layer as it crawls down the concave surface of the glass. 
7.  In these conditions, solutions of serum are characterized by a 
very peculiar periodic and concentric distribution of the crystals, at a 
concentration of 1:100 only.  The same ring-like aspect is observed 
with sodium oleate, glycocholate, and saponin, but not at the same 
concentration, as was to  be  expected, since serum is  a  solution in 
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EXPLANATION OF PLATES. 
PLATE 58. 
FIG. 1.  Crystals of serum solutions in NaC1 solution at 9 per cent. 
(rabbit). 
PLATE 59. 
FIG. 2.  Crystals of serum solutions in NaC1 solution at 9 per cent. 
(rabbit). 
PLATE 60. 
FxO. 3.  Crystals of serum solutions in NaCI solution at 9  per cent.  Human 
serum. 
PLATE 61. 
FIG. 4.  Crystals of saponin solutions in NaC1 solution at 9 per cent. 
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